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BULK SYNTHESIS OF METAL AND METAL BASED DIELECTRIC NANOWIRES 

Field of the Invention 

This invention relates to the field of a method of 
synthesizing free-standing metallic nanowires and dielectric metal 
5 nitride nanowires without the use of soft or hard templates. 

Background of the invention 

Nano-porous templates of alumina are commonly used to grow 
metallic nanowires. The diameters of the nanowires are controlled 
10 only by the size of the pore. 

There exists four methods for the growth of GaN nanowires. 

(1) Confined growth of metal nanowires using carbon nanotubes or 
nanoporous alumina membranes. In the carbon nanotubes the growth 
of metal is restricted to the diameter of the tubes. In nanoporous 

15 alumina it has been suggested that the capillary effect of these 
anodic pores are responsible for the formation of metal nanowires. 

(2) Atomic force lithography. (3) Electro deposition. (4) Solid 
phase arc discharge method. 

Currently there exists no method to grow freestanding metallic 
20 nanowires. 
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Summary of the Invention 

Nanometer scale semiconductor one-dimensional structures such 
as nanowires are expected to be very important in future high power 
electronics and opto-electronic device applications. These 
5 structures would need metallic interconnects so as to miniaturize 
the system. Hence it is necessary to develop technology to produce 
metallic nanowires that can be form hetero-structures directly on 
the nano - component s . It is equally important to be able to form 
dielectric hetero junctions on semiconductor nanowires to enhance 
10 the performance of the device. Furthermore, these metallic 
nanowires also exhibit photoluminescence in the red-near infrared 
(IR), region, which also makes it attractive for use as a sensors. 

The present invention provides a novel synthesis technique, 
the first of their kind in terms of producing long, freestanding 
15 metal nanowires and whiskers without the use of hard or soft 
templates. The instant invention provides a means for varying the 
concentration of the metallic solute in the gallium or other low 
melting metal to modulate the diameter of the nanowires along its 
length. 

20 More particularly, the present invention provides for a 

process of synthesizing metal, metal nitride nanowires, and non- 
stotiometric metal nitride nanowires, the steps comprising of: 
forming a catalytic metal (such as gallium, and indium) on a 
substrate (such as fused silica quartz, pyrolytic boron nitride, 
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alumina, and sapphire) , heating the combination in a pressure 
chamber, adding gaseous reactant and/or solid metal source, 
applying sufficient microwave energy (or current in hot filament 
reactor) to activate the metal of interest (such as gold, copper, 
5 tungsten, and bismuth) and continuing the process until nanowires 
of the desired length are formed. The substrate may be fused 
silica quartz, the catalytic metal a gallium or indium metal, the 
gaseous reactant is nitrogen and/or hydrogen and the nanowires are 
tungsten nitride and/or tungsten. 

10 Furthermore, the present invention provides for a process of 

synthesizing metal and metal nitride nanowires, comprising the 
steps of forming a catalytic metal on a substrate; heating the 
catalytic metal on the substrate in a pressure chamber; adding 
gaseous nitrogen and/or hydrogen reactant and/or solid metal 

15 source; applying sufficient microwave energy (or current in hot 
filament reactor) to activate the gaseous metal reactant and/or 
solid metal source; and forming nanowires of a selected metal or 
metal nitride of a desired length. 

The process of synthesizing metal and/or metal nitride 
20 nanowires, comprises the steps of forming a gallium layer of about 
100 microns on a fused silica quartz substrate; placing the 
combination in a pressure chamber; reducing the pressure in the 
chamber to 50 Torr; heating the substrate and gallium to 700-1000 
degrees C; heating the tungsten filament to 700-1000 degrees C; 
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adding nitrogen gas; applying sufficient microwave power to sputter 
tungsten into gas phase; and continuing the process until the 
nanowires is of the desired length. 

It is an object of the present invention to provide a process 
5 which eliminates the need for quantum sized droplet creation, as is 
required when transition metals such as gold are used for nanowire 
synthesis. In principle, the bulk nanowire synthesis technique of 
the instant invention should work for any material that is 
immiscible in the gallium solvent. Specifically metal and 
10 non-stotiometric metal nitrides (M and MxNy) , where M indicates 
metals such as gold, copper, tungsten, and bismuth. 

It is also an object of the present invention to provide a 
bulk nanowire synthesis technique which works metals such as gold, 
copper, tungsten, and bismuth and their respective nitrides. 

15 It is another object of the present invention to provide a 

technique to grow freestanding metallic nanowires, which is 
advantageous in subsequent device fabrication. 

It is another object of the present invention to provide a 
technique to change the saturation concentration in order for the 
20 nanowire diameter to be modulated, which is not achievable using 
current template based techniques. 
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It is another object of the present invention to provide a 
bulk nanowire synthesis technique forming products having a density 
of nucleation that is extremely high making it suitable for large 
scale bulk synthesis. 

5 It is another object of the present invention to utilize a 

method using vapor phase precursors, in order to visualize 
synthesis of metal -semiconductor interfaces and avoid the laborious 
and time-consuming process of forming contacts to nanoscale devices 
made of semiconductors. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention will be had 
upon reference to the following description in conjunction with the 
accompanying drawings in which like numerals refer to like parts 
throughout the several views and wherein: 

15 Figure 1 is a schematic of an ECR-MW plasma reactor; 

Figure 2 is a schematic diagram of the arrangement for the 
growth of tungsten nanowires; 

Figure 3 is a scanning electron micrograph showing micrographs 
of tungsten nanowires; 
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Figure 4 is a scanning electron micrograph showing individual 
strands of tungsten nanowires bunched together; 

Figure 5 is a scanning electron micrograph showing a cluster 
of tungsten nanowires bunched together; 

5 Figure 6 is a scanning electron micrograph showing a long 

straight clusters or oriented nanowires; 

Figure 7 is a scanning electron micrograph showing florets of 
metallic nanowires; 

Figure 8 is an X-ray diffraction of the nanowires indicating 
10 the presence of tungsten and tungsten nitride phases; 

Figure 9 is a photoluminescence spectrum obtained with 
tungsten nanowire sample; 

Figure 10 is a low magnification, bright field image of 
tungsten nanowire using a transmission electron microscope; and 

15 Figure 11 is a high resolution transmission electron 

micrograph of tungsten nanowire showing crystalline lattice 
structure with around 0.3 nm spacings. 
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Detailed Description of the Invention 



The present invention relates to a method of synthesizing 
free-standing metallic nanowires and dielectric metal nitride 
nanowires. There is currently no technique available that 
5 synthesizes free-standing metal nanowires without the use of soft 
or hard templates. The present invention provides a new method of 
bulk synthesis of low melting metals using for example, tungsten 
and tungsten nitride nanowires. In this technique, tungsten is 
supplied via chemical vapor transport from an organometallic vapor 

10 source onto gallium-covered substrates at 700-1000 degrees C at 
3 0mTorr - 3 0 Torr pressure range in nitrogen plasma using a 
microwave electron cyclotron resonance plasma reactor as shown in 
the schematic in Figure 1, or course a hot -filament reactor could 
also be used as an activation source. This method also produces 

15 tungsten nitride, (WN) , wires which could be treated with hydrogen 
plasma to reduce them to pure metallic state while retaining the 
nanowire format. The process can also be performed with oxygen in 
the gas phase to produce metal oxide wires and then reducing them 
with hydrogen to get pure metallic nanowires. Both of these 

20 approaches are applicable to the present invention by 1) First 
producing metal nitride nanowires in a nitrogen environment and 
then reducing them to pure metallic nanowires; or 2) First 
producing oxide nanowires in an oxygen environment and then 
reducing them in hydrogen environment or decomposition temperature 

25 to pure metallic nanowires) are important processes of this 



invention in addition to direct synthesis of pure metallic nanowire 
synthesis . 

The bulk nanowire synthesis (BNS) technique of the present 
invention is used to synthesize free standing metallic nanowires 
5 can be generalized into three basic steps: (1) the material used to 
make the nanowire is dissolved in a low melting point metal 
solvent, using a plasma (or high temperature) to mediate solute 
dissolution from the vapor phase into the molten metal; (2) the 
solute concentration is increased until the solvent becomes 

10 supersaturated; and (3) crystallization occurs, and nanowires 
precipitate from the solvent. For a number of reasons, gallium is 
an ideal choice for a low melting point solvent that allows for the 
formation of nanometer scale wires from a variety of different 
materials. Gallium has a low vapor pressure over a broad 

15 temperature range and a near room temperature melting point (29.8 
degree C) . In addition, it is immiscible with many elemental 
semiconductor and metals. Because of the low miscibility, the 
critical nucleus size for solute precipitation from Ga melts tends 
to be in the nanometer range. Multiple nanowires of fixed diameter 

20 nucleate from the molten gallium, as long as the nanowire material 
is supplied rapidly at the gallium liquid-vapor interface. 

The instant invention provides a process which eliminates the 
need for quantum sized droplet creation, as is required when 
transition metals such as gold are used as catalysts for nanowire 
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synthesis. It is contemplated that the BNS technique should work 
for any material that is immiscible in the gallium solvent. 

The novel synthesis technique of the instant invention was 
employed to produce long, freestanding metal nanowires and whiskers 
5 without the use of templates as set forth in Example I as follows: 

Example I 

A flat piece of pyrolytic boron nitride PBN was cleaned with 
a 45% HF solution and ultra- sonicated acetone before being covered 
with thin liquid gallium film. This gallium film was resistively 

10 heated along with a tungsten wire to a temperature of 900 degrees 
C and exposed to an electron cyclotron resonance microwave (ECR-MW) 
chemical vapor deposition generated nitrogen plasma environment. 
Nitrogen sputters the tungsten particles onto the gallium film, 
which subsequently dissolves in liquid gallium. The tungsten 

15 (solute) concentration is increased until the gallium (solvent) 
becomes supersaturated after which, crystallization occurs, and 
nanowires precipitate from the solvent. It should be noted that 
the solvent (gallium) metal melt used for the process can be 
substituted with indium, tin and other low melting metal which 

20 serve as catalytic metals. 

As shown in the example, it is an advantage of the instance 
process is the ability to utilize a template free bulk synthesis 
technique without the requirement of an extensive substrate 
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preparation . 

Moreover, varying the concentration of the metallic solute in 
the gallium or other low melting metal can modulate the diameter of 
the nanowires along its length. 

The foregoing detailed description is given primarily for 
clearness of understanding and no unnecessary limitations are to be 
understood therefrom, for modification will become obvious to those 
skilled in the art upon reading this disclosure and may be made 
upon departing from the spirit of the invention and scope of the 
appended claims. Accordingly, this invention is not intended to be 
limited by the specific exemplifications presented herein above. 
Rather, what is intended to be covered is within the spirit and 
scope of the appended claims. 
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